Background: Web-based personal health records (PHRs) have been advocated as a means to improve type 2 diabetes mellitus (DM) care. However, few Web-based systems are linked directly to the electronic medical record (EMR) used by physicians.
D
ESPITE THE DEMONSTRATED efficacy of medical therapy in controlled clinical trials, [1] [2] [3] [4] [5] most patients with type 2 diabetes mellitus (DM) cared for in the community do not reach recommended treatment goals for glycemic, blood pressure, or lowdensity lipoprotein cholesterol (LDL-C) control. 6, 7 Fundamental changes in how DM care is delivered may be needed to overcome the current "quality chasm" seen in DM management. 8 Increasing patients' knowledge about their current risk factor levels 9, 10 and facilitating collaboration between patients and physicians [11] [12] [13] have both been demonstrated to improve clinical outcomes. Personal health records (PHRs) that enable patients to interact directly with their own clinical records represent one innovative means to achieve these goals. [14] [15] [16] Older studies have used patient-carried paper reminder cards and mini records 17, 18 to engage patients in their care. More recent studies have used computerized systems to provide patients with personalized hemoglobin A lc (HbA 1c ) reports, 19 Internetbased glucose monitoring systems, 20 telephone-based case management, 21 peersupported behavioral self-management, 22 and Web-based case management. 23 To date, there have been no large-scale studies of interventions that integrate PHRs directly with the electronic medical records (EMRs) used by patients' own primary care physicians (PCPs). Given the central role PCPs play in the medical management of DM, we hypothesized that a link that enabled patients to both read (eg, real-time access to laboratory results, guidelines, and medication lists) and write (eg, medication list edits and DM-related comments) to the EMR was crucial to achieve measurable changes in DM control. In addition, although Web-based interventions have had modest success among highly selected research participants, it is currently not known to what extent such services will be adopted by the general population.
To address these questions, we conducted a multipractice randomized clinical trial to evaluate the impact of a DMspecific PHR that was linked directly to the EMR and was made available to all patients registered for care within the study practices (the Prepare for Care study). We hypothesized that use of the DM-specific PHR would result in improved care by increasing patient knowledge and engagement in their own care and by facilitating patientphysician communication. We compared changes in DM management and related clinical outcomes in the intervention arm with those of eligible patients with DM in control practices who were invited to use an online family history and health maintenance PHR. This active control design permitted direct comparison of the intervention effect among patients willing to engage in online PHR use.
METHODS

SETTING AND PARTICIPANTS
This study was conducted in 11 primary care practices within the Partners HealthCare system. The study practices were staffed by 230 PCPs and were located in both hospital-and communitybased settings in eastern Massachusetts. All participating clinical sites used the same EMR and central laboratory for all clinical care activities. Data from the EMR, patient registration, laboratory testing, radiology studies, clinic appointments, and billing were automatically stored in a common clinical data repository readily queried for research purposes. Informed consent was obtained from eligible patients prior to notification of practice randomization status. This study was approved by the Partners HealthCare institutional review board and was registered with ClinicalTrials.gov.
CRITERIA FOR ELIGIBLE PATIENTS
First, patients had to have DM, defined based on review of problem lists, HbA 1c level higher than 7.0% in the prior year, and/or an active prescription for a DM-specific medicine at time of study enrollment using a previously validated algorithm. 24 Second, they had to have had at least 1 visit with their designated PCP in one of the study practices in the prior year. Patients self-designated their PCP when signing up for PG and confirmed their PCP when consenting to participate in the Prepare for Care study.
Third, they had to have an active account with the practice's online patient portal, Patient Gateway (PG), a passwordenabled, online access system available since 2002 to all patients within the Partners HealthCare network. This system was developed to permit online access for basic tasks such as updating registration information, confirming upcoming appointments, sending nonurgent clinical messages, and requesting prescription refills. 25 "Active accounts" were defined as registered PG accounts for which patients had logged on to the PG Web site at least once; PG served as the underlying framework for implementing the advanced PHR modules in this study.
INTERVENTION
After providing informed consent, eligible patients with DM in the intervention arm practices were invited to use a DMspecific PHR prior to scheduled clinic visits. The DM PHR included a medications module component that allowed patients to review their medication lists from the EMR, edit inaccuracies, and answer several brief questions regarding adherence barriers and adverse effects of medication. Patientupdated data for medications specific to DM care (eg, for the treatment of hyperglycemia, hypertension, and hyperlipidemia) were then used to populate specific fields within the DM PHR. Separate domains within the DM PHR for glucose, blood pressure, LDL-C, and preventive care allowed patients to view their most recent results and current treatments, and to respond to specific questions about barriers to current therapy. Check boxes and free text boxes within the PHR encouraged patients to enter therapy concerns and requests to address specific care limitations (eg, out-of-date cholesterol test, undertreated hypertension).
The conceptual framework, design and development, and features of the DM PHR are described in detail elsewhere. 26 In brief, the functions and goals of the DM module were to (1) provide patients with their own clinical information linked to tailored decision support (to engage patients in their care), (2) take patients through a series of simple and direct questions designed to identify areas requiring clinical action (to encourage patients to take a greater role in their DM management), and (3) generate a "Diabetes Care Plan" based on patients' responses to share with their PCP at the upcoming clinic visit (to facilitate communication and reduce clinical inertia). This care plan was submitted directly to the EMR used by the patient's PCP and could also be printed by the patient and brought to the upcoming appointment.
After providing informed consent, eligible patients with DM in the control arm practices were invited to participate in a novel PHR that allowed them to review and update their family medical history and to review cancer screening and other non-DMspecific preventive services prior to their upcoming appointment. Updates and requests entered by patients within this PHR were then electronically submitted to the EMR used by the patient's PCP. Patients were unaware of their PHR assignment when consenting to enroll in the study. Because both intervention and control groups used PG and received additional PHR modules, the primary distinction between the 2 study arms was the content of the modules.
RECRUITMENT STRATEGY
This study was designed to evaluate the impact of a Webbased PHR in the general primary care population. Because patients were required to have online access via PG to be eligible for the experimental PHR modules, we implemented a coordinated effort to increase registration for PG accounts within our network through mailed postcards to all patients registered for care with study practices, posters and signs for PG in waiting or examination rooms, and voicemail recordings played to patients telephoning the practices. Some practices also offered onsite enrollment.
To increase adoption of the Prepare for Care study modules within the study practices, study personnel (1) identified physician champions at each practice to facilitate deployment, (2) presented the modules to physicians at practice meetings to introduce their functionality to the physicians, (3) provided on-site and online support, (4) provided marketing materials to practices and returned to practices to hear feedback after rollout, and (5) sent reminders through PG to all patients who had con-sented to participate in the study to prompt them to review their PHR modules prior to an eligible upcoming visit.
CLINICAL TRIAL OBJECTIVES
The primary goal of this study was to improve the clinical management of DM in primary care practices through the use of a Webbased DM PHR. We hypothesized that this PHR-based intervention would result in more effective treatment of DM-related risk factors (hyperglycemia, hypertension, and hyperlipidemia) compared with control patients with access to a non-DM-specific PHR. We also had a priori concerns that the so-called digital divide might lead to reduced participation in the study among poorer and older patients. 27 Thus, as a secondary goal we examined demographic and clinical differences between intervention users and nonusers within the study practices.
OUTCOMES
The primary outcomes for this study were changes from baseline in 3 key measures of DM management: HbA 1c , blood pressure, and LDL-C, comparing all eligible patients with DM in the 2 study arms in an intention-to-treat analysis. One-year baseline and follow-up periods were uniquely defined for each eligible patient in both study arms based on the date of their first clinic visit during the study period. For patients with no clinic visits during the study period, the midpoint between the date their practice enrolled in the study and the study end date was used to define their 12-month baseline and follow-up periods.
We prespecified 2 additional analyses: (1) We compared demographic and clinical characteristics between study participants and nonparticipants (ie, all patients with DM attending the study practices who did not enroll in the study) to gain further insight into online PHR adoption in the general primary care population. (2) We identified any DM-related medication initiation or intensification at the first episode of care after journal submission, comparing patients in the 2 trial arms who submitted journals, to investigate whether patients using the DM-specific PHR would be more likely to have subsequent management changes for glycemic, blood pressure, and LDL-C control compared with patients using the health maintenance and family history PHR. An episode of care was defined as the next PCP clinic visit and/or any associated patient letters, telephone calls, or e-mails.
RANDOMIZATION
Because this was a system-level intervention that involved patients, their physicians, and the clinical support staff at each practice, we randomized at the practice level. Practices were grouped in 4 mutually exclusive strata (women's health practices, low-income urban practices, large suburban practices, and smaller suburban practices), and practices within each independent stratum were randomly assigned to 1 of 2 study arms (for 16 possible randomization combinations). All primary and other clinical outcomes were collected directly from the electronic clinical data repository, and these data were obtained solely as part of usual clinical care.
STATISTICAL ANALYSIS
Baseline and follow-up clinical variables were compared between study arms using 2 tests for categorical variables and t tests for normally distributed continuous variables. Results of our primary outcome analyses were not significantly different after adjusting for imbalanced baseline variables in multivariate models (data not shown). Patients newly diagnosed as having DM during the course of the study were not included in any analyses. Two-sided P values Ͻ.05 were considered significant. We used SAS statistical software (version 9.0; SAS Inc, Cary, North Carolina) for all analyses. Figure 1 illustrates the number of primary care practices randomized and the flow of patients with DM in each study arm. Use of the parent PG secure Web portal by patients with DM ranged from 7% to 14% of each practice population. Among patients with active PG accounts, the rate of consent to enroll in the advanced patient portal clinical trial was 39% in the DM PHR intervention arm and 35% in the family history and health maintenance PHR active control arm. Practices were enrolled beginning September 30, 2005 , and follow-up ascertainment was completed when the study was formally closed March 22, 2007.
RESULTS
PARTICIPANT FLOW
BASELINE DATA
The Table presents baseline data for all patients with DM cared for in the 11 study practices. Patients with DM who enrolled in the Prepare for Care study were younger (mean age, 56.1 years vs 60.3 years; PϽ.001), and a greater proportion were white (89% vs 67%; P Ͻ .001), commercially insured (72% vs 47%; P Ͻ.001), and at or below their HbA 1c goal (54% vs 47%; baseline HbA 1c level, Ͻ7.0%; P = .04) compared with nonparticipating sub- jects. Study participants in the 2 treatment arms had moderate demographic differences but had similar health care utilization and rates of glycemic, blood pressure, and LDL-C control at baseline (Table) .
COMPARISON OF ACTIVE ACCOUNT USERS BETWEEN STUDY ARMS
Study participants had relatively good glycemic control at baseline with modest improvement over the study period that did not differ by treatment arm (0.16% vs 0.26% decline in HbA 1c levels between arms; P = .62). Patients in the intervention arm (n = 126) and controls (n=118) had similar mean HbA 1c levels after 1 year of follow-up (7.1% vs 7.2%; P= .45), with nearly three-quarters of all patients at goal (73% vs 68% among control patients; P=.53). A similar pattern of good baseline control and statistically similar improvement over time in both study arms was also seen for both blood pressure and LDL-C control (data not shown). When we limited our analyses to patients with HbA 1c level greater than 7.0% at baseline, patients in the intervention arm were more likely to reach HbA 1c goal at study end compared with controls (45% vs 25%, 79 patients with available data; P=.07). Although patients with baseline elevations of LDL-C level or blood pressure in the intervention arm also tended to do better relative to controls, the differences were small (data not shown).
ANALYSIS OF TREATMENT INTENSIFICATION
One-half of patients in the intervention arm (51%) who completed a DM PHR Care Plan prior to an upcoming visit indicated in their care plans that they wished to improve their blood glucose control; 32%, blood pressure control; and 28%, LDL-C control. These patient comments were reflected in the higher overall rate of medication intensification compared with control patients, with over half of subsequent care episodes in the intervention arm resulting in DM-related medication changes (53% vs 15% among controls submitting PHR journals; PϽ.001; Figure 2) . Patients who submitted DM PHR Care Plans (intervention arm, n = 82) were more likely to have a medication initiation or dosage adjustment for hyperglycemia (29% vs 15%; a "Study participants" were defined as patients with type 2 DM with registered online hospital accounts who consented to participate in the study. "Nonparticipants" were defined as all other patients with type 2 DM receiving primary care at one of the study sites.
b P values compare all study participants (n=244) with all nonparticipants (n=6553).
c P values compare the intervention arm (n=126 patients) with controls (n=118 patients). d Neighborhood income was based on federal tax returns by patients' zip code. P=.10), hypertension (13% vs 0%; P=.02), or hyperlipidemia (11% vs 0%; P=.03) during the subsequent episode of care compared with the patients with DM who submitted family history and health maintenance journals (active control arm, n=41).
Although there were too few patients for meaningful comparisons by risk factor within the "on treatment" subset, in an exploratory analysis we found that patients with medication changes had clinically and statistically significant subsequent decreases in HbA 1c level (mean [SD] decrease, 0.57% [1.0%]; paired t test, P = .009) and LDL-C level (32.1 [31.9] mg/dL; P = .02) but not blood pressure (decrease of 0.6/5.2 mm Hg; P = .90). (To convert LDL-C to millimoles per liter, multiply by 0.0259.)
COMMENT
In this report, we present the results of a randomized controlled trial of a Web-based patient PHR linked directly to the physician EMR and conducted within the general primary care setting. We found that users of the DM-specific PHR were markedly more likely to have their medical regimens changed at their next clinic visit relative to patients with DM who used the non-DM PHRs. This finding suggests that, when used, our intervention may have worked to improve the process of DM care by reducing barriers to medication change at the clinic visit.
The lack of an overall impact on DM-related risk factor levels, however, can be attributed to 2 major barriers: (1) Despite the large, multipractice population covered by the study, the power to detect differences was reduced because only a small proportion of potentially eligible patients signed up for access to the parent PG secure Web portal. (2) Patients with poor metabolic control were less likely to enroll in the Prepare for Care study. We believe these limitations hold important lessons for future efforts to broadly implement Web-based strategies for changing DM care.
Effective translation of new innovations into improved DM care remains a difficult challenge for current research efforts. 28 The results of our study underscore a number of critical points for future work in this area. First, evaluating the impact of new technologies and new strategies for care requires a rigorous study design. Our use of an active control study design provided the advantage of allowing us to compare 2 groups of patients who were equally inclined to enroll in a clinical trial of Web-based PHR interventions. Thus, the comparison of primary outcomes between "active account" study arms reflects the impact of the DM PHR on clinical care among patients equally inclined to engage in online PHR clinical interactions (eliminating "confounding by participation," a methodological shortcoming in which the true effect of a patientoriented DM intervention is difficult to isolate from its mode of delivery).
Second, because we used our network's existing online access system and linked our intervention directly to the EMR used for all patient care within our network, all patients with DM within the 11 primary care practices could theoretically have participated in the study. Although the low rates of enrollment limit the interpretation of the "real world" effect of our intervention, our results do clearly demonstrate that many patients with DM chose not to sign up for these services when presented the opportunity to engage in online access to their PCPs. Understanding this lack of enthusiasm becomes a crucial question that must be answered if we are to fully achieve the potential benefit of online PHRs.
Third, our exploratory analysis of medication changes among PHR users revealed that patients using the DM PHR were much more likely to have significant medication changes at the next clinical visit leading to corresponding declines in risk factor levels (PϽ .001). These clinically significant declines in DM-related risk factor levels provide evidence that medication initiation or dosage adjustment represents a valid intermediate measure for effective DM management and also support to the idea that DM-specific patient portals linked directly to physicians' EMRs can have an important impact on reducing clinical inertia. 29, 30 Our study participants were younger, less likely to belong to a racial or ethnic minority group, and less likely to live in a poor neighborhood compared with nonparticipants, evidence that the digital divide remains an important barrier to the adoption of new health information technologies. Moreover, barriers to engaging in new health informatics tools may exist even among patients with existing Internet access. A recent survey conducted within our network found that nearly 50% of patients with type 2 DM currently use the Internet. 31 Given that patients had markedly higher levels of general online use than PG use (52% used the Internet vs 10% PG account registration in study practices), further research is needed to identify and overcome barriers to adoption of patient health portals beyond the physical availability of an Internet connection.
The current generation of informatics tools have had only a limited and inconsistent impact on improving DM care. [32] [33] [34] The DM-specific patient portal we developed included an innovative patient interface that presented key clinical information and individualized patient decision support, grouped results, and current medications within each risk factor domain (hyperglycemia, hypertension, and hyperlipidemia), and facilitated the development of a care plan that was automatically shared with the PCP as a patient-authored note in the medical record. We believe that this organizational format created a necessary first step toward the ideal patient DM portal. Missing from this intervention, however, were methods to (1) easily upload clinical information from home (eg, blood glucose level, blood pressure, weight, and exercise activities from wireless monitors) and (2) effectively integrate these data with the clinical workflow.
There are several limitations of our study to consider. Because of the novel and potentially disruptive impact on usual care of inviting patients to provide nonvisit care plan updates to their physicians, in this initial study we sought to minimize the amount of addi-tional work required of PCPs. Prior surveys had documented physician concerns and resistance to any interventions that increased demands on their already limited time. 35 Thus, we did not undertake any formal training of patients and physicians with regard to creating and acting on the care plans, and we did not seek to significantly change the ways in which PCPs currently practiced. In addition, we did not collect patient measures such as DM knowledge, level of engagement in care, or confidence with patient-physician communication that may have provided further insight into the effect of our intervention on study participants. Moreover, given the lack of impact on key clinical outcomes, we did not undertake a formal cost analysis of the program as currently designed. Finally, our study was not designed to test the marginal effect of different components of the DM PHR (eg, medications review, decision support for blood test results, creation of a DM care plan).
In summary, we adapted an existing clinical informatics system that included a password-protected patient portal to conduct a rigorous, population-level controlled trial of a novel "first generation" DM tool designed to engage and activate primary care patients toward achieving goals of care. Our findings suggest that the close link between the PHR and the patients' physicians' EMRs may have facilitated the process of medication initiation and dosage adjustment. However, despite enrolling 11 primary care practices, our study was limited by a "ceiling effect" among participants and ultimately underpowered to show differences between study consenters in the intervention vs control study arms. Success of future Web-based patient portals will require broader patient enrollment and may also benefit from significant "redesign" of current clinical practice to more effectively engage both physicians and patients (particularly older and low-income patients) in collaborative, non-visit-based care.
